reverse and left-lateral slip on a plane striking N82øE and dipping 70øN [Igald et al., 1990] . This plane projects to the surface about 1 km north of the North Branch of the Gatlock fault, suggesting that the fault may have been the causative fault. In the few places where the North Branch of the Gatlock fault is well exposed, it dips moderately northward [Sharry, 1981, p . 123], consistent with hypothesis that this fault produced the 1988 earthquake. The fairly linear trend of the fault on the ground surface, however, suggests that the North Branch of the Gatlock fault is vertical or subvertical over much of its length [Sharry, 1981] , and thus may not project at depth to the hypocentral region of the 1988 earthquake.
METHODOLCX3Y
Several previous authors have used offset geomorphic features to determine the amount of slip in past earthquakes [Clark, 1970; Sieh, 1978 These features include channel walls, gullies, terrace risers, ridges, and debris flows. As will be shown, the offsets cluster around discrete values. We interpret each of these values to be the cumulative slip associated with some number of prehistoric earthquakes. For any particular portion of the fault, we interpret the smallest value around which offsets cluster to be the slip associated with the most recent earthquake, and we interpret each larger value to be the cumulative slip associated with the most recent and earlier earthquakes. Potentially, every large earthquake on a strike-slip fault could be recorded by the lateral offset of geomorphic features, if new features form during every interseismic period and if some of the features developed during each interseismic period are preserved up to the time of observation. Hundreds of new geomorphic features have formed across the Gatlock fault since the latest large earthquake, and at least one gully has formed across the fault since the aerial photographs we used were taken in 1976. Therefore, if recurrence intervals on the Gatlock fault are fairly regular, it is reasonable to expect that many new geomorphic features have formed between each successive pair of earthquakes on the Gatlock fault. If earthquakes on the Gatlock fault are clustered in time, however, such that some earthquakes occur only a few decades apart, then in the geomorphic record these earthquakes may appear as a single event with a displacement equal to the combined displacement of the clustered events. In addition, as time passes offset geomorphic features may be destroyed by erosion or buried by further deposition. Thus the geomorphic record is usually not a complete record of past earthquakes for older events. We assume that the displacement of the geomorphic features studied occurred seismically, rather than as a result of aseismic creep. This is a reasonable assumption, since creep has never been unambiguously documented on the central or eastern Garlock fault. Clark [1973] In the field, each feature identified on the aerial photographs was examined to determine whether or not it was tectonically offset and whether the amount of separation was an accurate measure of the displacement associated with one or more past earthquakes. Each feature was given a quality rating that indicates the reliability and accuracy of the feature as an indicator of tectonic offset. For example, excellent and good ratings were given to geomorphic features that clearly have correlative features or deposits across the fault trace and that The amount that each feature is offset was measured in the field with a tape measure. Error bars were given to each measurement to indicate the range of plausible offset amounts for that feature, assuming that the correlation of the two parts of the feature on opposite sides of the fault is correct. Sharp features that could be followed right up to the fault on both sides thus have small uncertainties in their offsets, whereas more subdued features and features that were projected a short distance to the fault have larger uncertainties. For most features a best estimate value for the offset is also given. The offset for each feature is reported to the nearest 0.1 m, even though the uncertainty in the offset is usually much larger than this. We then round the average offset for each fault segment to the nearest 1 m before calculating earthquake magnitudes or Where possible, the vertical displacement was also measured. Vertical displacement was measured only at sites where the horizontal offset could also be measured. The horizontal offset was then taken into account so that the true vertical displacement could be measured, rather than measuring vertical separation due to lateral offset. Of the features where horizontal offset was measured, only those with planar surfaces of approximately the same slope on both sides of the fault were used for measuring vertical displacements. Thus, vertical as minimum values unless the amount of possible erosion can be constrained and included in the error bar. Terrace risers that displacements were measured on terraces adjacent to terrace separate the modern channel from a terrace are also subject to risers, on debris flows, and on ridges with crests of similar slope erosion. On the left-lateral Garlock fault, the western walls of southward flowing channels are particularly vulnerable to erosion, because the downstream channel segment has been faulted into the active channel (Figure 2 ). On the other hand, the downstream segments of the eastern walls of such channels have been faulted away from the modern channel. There is still potential for erosion of the upstream segment of such eastern channel walls, however. Accordingly, if the upstream segment of such a channel shows evidence of recent erosion, the offset on either side of the fault. Vertical displacement was not measured on gullies or channel walls.
DATA PRESENTATION AND ANALYSIS

Garlock Townsite and Highway 395 Areas
We studied 24 offset geomorphic features south of El Paso Mountains (Table 1) . Five of these are located along a halfkilometer length of the fault west of the Garlock townsite, and the remaining 19 are along a 5-kilometer length of the fault just for that channel is reported as a minimum value. If, on the west of U.S. Highway 395. We made detailed topographic maps other hand, the eastern channel wall is protected from the at the two sites discussed below in order to document a few of modern channel by a low terrace (Figure 2 ), the offset is not these offset features.
reported as a minimum. Feature 1.65(1). At this site an abandoned channel, Qtn, has Another potential problem is that of multiple fault strands. In been left-laterally faulted (in at least two events) out of the path this study each offset measurement reported is thought to of the modern stream (Figure 3) . The eastern wall of the represent the left-lateral slip across the entire recently active abandoned channel is well-defined and can be recognized to within a few meters of the fault. Adjacent to the fault it has Because there is no other possible source channel for this been buried by eolluvium derived from the fault scarp. The alluvial fan, the correlation is excellent. A younger terrace riser eastern wall of the abandoned channel south of the fault clearly (feature 1-65(2b}} that cuts the Qa 3 fan has been offset 6.5 __.
correlates with the eastern wall of the modern channel north of 1.7 rn from the east edge of the Qt z terrace north of the fault the fault, because there is no other upstream channel segment ( Figure 4} . This feature has been given a fair quality rating that could be a match. The off•t of this feature is 13.7 __. 2.0 because the correlation is less certain. Although there is a 1-mm. We have given this off•t an excellent quality rating because, high south facing scarp on the Qt z terrace, part or all of this at time of its formation, the eastern wall of the abandoned scarp may be due to left-lateral offset of the terrace surface, channel was clearly located directly opposite the eastern wall of which slopes obliquely to the fault. Three-dimensional the channel segment north of the fault. projection of the east edge of the Qt z terrace to the fault In Figure 6 , the uncertainty in the offset of each geomorphic feature in Table 1 has been translated into a probability density function, and these probability density functions have been (Table 1 and Figure 5 , excluding measurements without a best estimate). Each offset is represented by a Gaussian probability density function with a mean at the best estimate of the offset and with a standard deviation equal to one-half of the uncertainty (i.e., the uncertainties reported in Table 1 are assumed to be +_2-sigma uncertainties). For features with asymmetrical uncertainties, a standard deviation equal to one-half of the larger of the two uncertainties is used. The probability density functions for all of these offsets were then summed to produce this figure. Shading indicates the quality of the offset estimates used. Each peak probably represents the cumulative slip associated with a different number of past earthquakes. The peak at 3.3 m is dubious, however, because it represents only one, poor-quality offset. Where the sense of vertical slip can be determined, it is uniformly south-side-up. One south facing scarp exists along this portion of the fault, but it may be separation formed by lateral slip.
Pilot Knob Valley
The lateral displacements of 74 geomorphic features in Pilot Knob Valley also cluster around discrete values (Table 3 
A vawatz Mountains
In this area, offsets were measured only along the Holocene trace of the fault, as mapped by Clark [1973] . Other fault scarps in Quaternary deposits are present within a zone up to 5 Icm wide spanning the Holocene fault trace [Brady, 1986] , but none of these faults displaces alluvium as young looking as that displaced by the Holocene fault trace.
Within the Avawatz Mountains, 64 geomorphic features are offset 0.8-4.1 m across the Garlock fault (Table 4 and Figures  13 and 14) . We interpret these features to have been offset in the most recent event. We interpret the average amount of slip associated with this event to be 2.8 m, the value at the center of the broad peak in Figure In addition to the two plausible rupture patterns outlined above (rupture of the entire fault in a single event (Figure 17a) , and separate rupture of the segments east and west of the Koehn Lake step-over (Figures 17b and 17c) , we now investigate east of Koehn Lake. (Evaluating the possibility of further segmentation of the western Garlock fault is beyond the scope of this paper, because we have no measurements of geomorphic offsets from that part of the fault.) Another prominent discontinuity in the Garlock fault that may be capable of arresting seismic ruptures lies in the Quail Mountains. In this region, there is a 0.7-kin-wide convergent fault jog and a 3-kinlong area (parallel to fault strike) in which there are no recent fault scarps [Clark, 1973] . A 15 ø bend in the fault is also present nearby. Furthermore, two Quaternary faults, the rightlateral Brown Mountain fault and the left-lateral oblique-slip Owl Lake fault, intersect the Garlock fault here (Figure 1 Figures 17d and 17e ), but this also confirm this observation. This raises the possibility that the hypothesis must be tested by further field studies. most recent rupture along the Garlock fault in Pilot Knob The rupture lengths implied by the proposed segmentation of Valley may also have extended along the Owl Lake fault rather the fault at the Quail Mountains discontinuity are comparable to the rupture lengths of historical strike-slip earthquakes with similar displacements. The 105-kin length from Cantil (within the Koehn Lake basin, at the western end of the central Garlock fault) to the intersection of the Garlock fault with the Owl Lake fault is close to the most-likely rupture length (110 km) for an earthquake with a maximum displacement of 7 m (the inferred slip during the most recent event south of El Paso Mountains). The 30-krn length from a point 5 krn west of Leach Lake (the eastern end of the 13-km-long segment lacking evidence for very recent offset) to the eastern end of the fault is less than the most likely rupture length (67 km) for earthquakes with 2.8 m of slip (the inferred slip in the most recent event at Leach Lake and in the Avawatz Mountains) but is still within the range of plausible rupture lengths for a 3 m displacement. For example, the 1930 Izu earthquake in Japan was associated with 3.5 m of lateral slip and had a rupture length of 24 km [Bonilla et al., 1984] . In addition, the 1970 Tonghai (China) earthquake was produced by 2.7 m of slip on a 47-kin-long rupture [Bonilla et al. , 1984] .
Another intriguing observation is that the most recent fault breaks along the Owl Lake fault appear to be younger than the most recent breaks along the 13-km-long stretch of the Garlock than continuing along the Garlock fault east of the discontinuity in the Quail Mountains (Figure 17f) . The southwesternmost recent fault breaks on the Owl Lake fault actually lie closer to the easternmost recent fault breaks on the Garlock fault in Pilot Knob Valley than do the westernmost recent fault breaks on the Garlock fault west of Leach Lake [Clark, 1973] . This suggests that the Owl Lake fault may be part of the Garlock fault system. It is interesting to note that all evidence for Holocene left-lateral slip on the Owl Lake fault lies directly north of the 13-kin-long stretch of the Garlock fault that appears to have ruptured less recently than other segments of the central and eastern Garlock fault. Farther northeast, the Owl Lake fault has only a dip-slip component of Holocene movement [Clark, 1973] . These observations suggest the hypothesis (which has yet to be tested) that the 13-km-long stretch of the Garlock fault just east of the Quail Mountains discontinuity has been inactive during the past few earthquake cycles and that left-lateral shear has been uncertain by about _ 0.2. Some of the uncertainties are suggest) the resulting earthquake would probably have been discussed below. around M w = 6.6 (see Table 5 , rupture pattern E2), larger than In calculating the magnitudes we assume that large the 1916 event. The 1916 earthquake was also smaller than the earthquakes on the Garlock fault rupture to a depth comparable most probable size for the length of the Owl Lake fault (Table  to the To estimate the maximum magnitude earthquake likely to be generated by the Garlock fault, we assume that the 10-m displacements measured by Guptill et al. [1979] were generated by seismic slip during a single earthquake. We emphasize, however, that this is the maximum amount of slip per event that is plausible for this part of the fault. The average slip per event may be substantially lower. We also have no data on the amount of slip per event on the Owl Lake fault. For preparation of Table 5 we assume that if the Owl Lake fault ruptures simultaneously with the Garlock fault segment from Cantil to the Quail Mountains, the slip per event on the southwestern Owl Lake fault will be 3 m, consistent with the documented slip per event in Pilot Knob Valley. Because there is no evidence of lateral offset on the northeastern Owl Lake fault [Clark, 1973] , we assume 1 m of dip slip per event for the northeastern Owl Lake fault, for lack of a better estimate. For the case in which the Owl Lake fault ruptures alone we use the length of the fault and an empirical relation between fault length and earthquake magnitude for strike-slip faults [Bonilla et al., 1984] Recent comparison of •4C ages with U-Th ages on corals, however, suggests that •4C ages in the range of 10,000 to 15,000 radiocarbon years may be 2000-3000 years too young [Bard et al., 1990] . This suggests that the Garlock fault slip rate in the vicinity of El Paso Mountains may be 4-7 mm/yr, slightly lower than the 5-8 mm/14C-yr rate reported above. Using the preliminary, calibrated slip rate the average recurrence interval for large earthquaes on the Garlock fault near El Paso Mountains is 600-1200 years (Table 6 ). The calibration of the radiocarbon timescale is preliminary, however, and the recurrence intervals reported in Table 6 The large range of plausible recurrence intervals (Table 6) underscores the importance of determining the slip rate at other points along the central and eastern Garlock fault and of directly dating prehistoric earthquakes.
The recurrence intervals reported in Table 6 are consistent with previous estimates of the recurrence interval on the central Garlock fault. The 600-to 1200-year average recurrence interval for the segment of the fault south of El Paso Mountains overlaps the 900-to 1700-year average recurrence interval determined by Burke and Clark [1978] at Koehn Lake. Farther north of the Gatlock fault adding an additional increment of east, Roquemore et al. [1982] found evidence for a minimum of left-lateral slip. This would lead to lower slip rates and longer recurrence intervals eastward along the fault.
The current knowledge of slip rates for faults north of the Garlock fault indicates that a westward increasing slip rate for the Garlock fault is plausible but precludes precise determinations of the Garlock fault slip rate at any point. We estimate below the minimum slip rate for the Garlock fault in Pilot Knob Valley, near Leach Lake and in the Avawatz Mountains on the basis of the siip rates for faults north of the 
